Introduction
Abdominal vibration or "jerking" in connection with courtship behavior has been described for several green lacewing species (e.g. Smith 1922; Toschi 1965; Tauber 1969; Sheldon and MacLeod 1974) and explored in detail by Henry (1979 Henry ( , 1980a . In Chrysoperla carnea (Stephens) isolated individuals produce long, patterned sequences of discrete short bursts of rhythmic vibration of the abdomen in the vertical plane. The wings may also vibrate. Sexually receptive pairs establish duets of reciprocal abdominal jerking. Actual drumming of the abdomen on the substrate does not occur. It had been assumed that abdominal vibration produces high-frequency sounds by stridulation (Adams 1962 , Riek 1967 , Eichele and Villiger 1974, Henry 1979) and acoustical communication was discussed in connection with the tympanal ultrasound receptor organ described by Miller (1970 Miller ( , 1971 . Courtship and copulation take place on the vegetation, usually on the underside of leaves. Henry (1980a, c) Since the vibration produced by abdominal jerking in lacewings seems to be propagated in a transverse wave (perpendicular to the plane of the substrate) we prefer to call this type of communication "tremulation", following Busnel et al. (1956) , Henry (1980c) and Morris (1980) . On the other hand, sound in the form of longitudinal waves, is produced by stridulation and percussion. Possible stridulatory structures in lacewings were first described for the chrysopid Meleoma schwarzi (Banks) by Adams (1962) and later for other Neuroptera (Rick 1967) . However, to date, there is no reported record of any sound produced by these organs (Henry 1980c) . In M.
schwarzi, sound may be produced when the second abdominal sternite, with its regular striae of microtrichia, is rubbed against the femora by abdominal vibration (Adams 1962) . C. carnea and some other species of Chrysopidae may stridulate using microtrichia on the venter of the anal lobe of the forewings and dorsolaterad on the metanotum (Rick 1967; Henry 1979) . Alternatively, these paired areas of microtrichia may function to hold the wings in place when at rest (Henry 1980c ). Thus, tremulation and possible stridulation are both produced by vibrating the wings and abdomen.
Methods and Materials
Observations of free flight and mating behavior were made on the following species: C. carnea, Eremochrysa punctinervis McLachlan, E. tibialis Banks, Mallada basalis (Walker), Meleoma hageni Banks and Nodita n. sp. The only specialized technique required for this study was the use of a strobe light to illuminate lacewings on a flight mill (Duelli 1980) . By varying the frequency of the strobe flashes, it was possible to determine the rate of the wing beats and other body movements, as the highest flash frequency at which the motion appeared to be "frozen" and each structure was seen in only one position. A multiple of this frequency again produces a frozen image, but the body is seen in multiple positions. C. carnea and M.
basalis were examined in this manner.
Results
Among the species observed, there appeared to be great variation in the patterns and intensities of vibration of the wings and abdomen during courtship, but this was not quantified. The beha-vior was strongly developed in species of the genera Meleoma and Eremochrysa, but was even more conspicuous in the Indo-Pacific lacewing M. basalis, as observed on the island of American Samoa. In this species, the males flapped their wings so vigorously that they hit the substrate and produced sounds easily perceptible to the human ear. Heavily developed pterostigmata in the hind wings of the male may enhance substrate vibration and protect the wings from damage (Fig. 1) . During courtship, the males moved forward Psyche [Vol. 88 and backward in front of the female, and sometimes even sideways. Especially vigorous males were seen to perform small jumps, reminiscent of take-off behavior.
A chrysopid usually flies with its head higher than its abdomen. If the insect is mounted on a flight mill and illuminated with a strobe light, the abdomen can be seen moving up and down in the same way as described for the courtship behavior (Fig. 2) . When mounted horizontally, the abdominal movements were exaggerated (Fig. 3) . In both orientations the strobe flashes revealed that the frequencies of the wing beat and of the abdominal vibration were the same. With each down-stroke of the wings the abdomen was lifted (Figs. 3 and 4). The flow of the movements can be seen in Fig. 5 (Henry 1980b Henry (1980b) , this would tend to expand the range of frequencies actually used by chrysopids.
Tremulation has also been reported in the courtship behavior of other groups of insects. Plecoptera communicate via the substrate by drumming with their abdomens (Rupprecht 1968) . Similar drumming and/or abdominal vibration is known from certain Psocoptera (Pearman 1928) , Orthoptera (refs. in Rupprecht 1968 and Morris 1980) , Megaloptera (Rupprecht 1975) and Mecoptera (Rupprecht 1974) . Wing fluttering is also involved in courtship of Panorpa spp. (Mecoptera) (Rupprecht 1974) and three genera of Coniopterygidae (Johnson and Morrison 1979) .
The function of the abdominal motion in flight is unknown. In the Diptera, the halteres (modified second pair of wings) have been shown to act as specialized organs to maintain flight stability (Pringle 1948 (Taylor 1981) and thus to stabilize the flight position.
Based on the similarities between abdominal vibration during flight and courtship behavior, we suggest that tremulation beha+ior in lacewings and perhaps other slow-flying insects may have evolved from a particular "pre-adapted" feature in the take-off and flight behavior, where its main function might be flight stabilization.
